A morphometric and isozyme analysis of a fertile tetraploid radiate groundsel discovered in York, England, in 1979, showed it to differ markedly from typical inland radiate groundsel, Senecio vulgaris var. hibernicus. Morphologically, York radiate groundsel was intermediate between S. vulgaris and S. squalidus plants derived from York and Edinburgh populations. In addition, it exhibited an additive esterase phenotype which combined the aEst-1 and flEst-1 phenotypes expressed by S. vulgaris and S. squalidus, respectively. In contrast, S. vulgaris var. hibernicus does not express a j3Est-1 allozyme. It is concluded that York radiate groundsel is a product of hybridization between S. vulgaris and S. squalidus quite different from that of S. vulgaris var. hibernicus. This new variant appears to be of very recent origin, it exhibits a high level of self seed set, and is currently relatively well established in the city of York. Despite its ability to intercross with typical S. vulgaris, it appears to have maintained its distinctive morphological and isozyme phenotype in the wild.
Introduction
The introduction and subsequent spread of the Oxford Ragwort, Senecio squalidus L. (2n=20), in Britain within the past 300 years (Kent, 1956 ) has led to the occurrence of two notable evolutionary events following hybridization with the native Groundsel, Senecio vulgaris L. (2n = 40). The first concerns the origin of the radiate variant of S. vulgaris, var. hibernicus Syme, sometime during the early past of the 19th Century (Abbott, et al., 1 992a) ; the second involves the multiple origin of the allohexaploid S. cambrensis (2n =60), initially in Wales and more recently in Scotland during the present century (Ashton & Abbott, 1992) . There is evidence that the initial step in the origin of each of these new taxa was the formation of the sterile triploid hybrid, S. vulgaris x 5. squalidus (2n =30). Ingram et al. (1980) have shown that backcrossing this hybrid to non-radiate S. vulgaris (var. vulgaris), followed by selfing, produces fertile radiate offspring bearing a close resemblance to var. hibernicus, while doubling the *CorTespondence 431 chromosome number of the hybrid creates the fertile S. cambrensis (see Rosser, 1955) .
In 1979, a radiate variant of what was considered to be S. vulgaris was identified growing together with nonradiate S. vulgaris at the edge of a car park in York, England. This variant possessed capitula which were 'showier' than normal for S. vulgaris var. hibernicus, and leaves which were intermediate in shape to those of S. vulgaris and S. squalidus respectively. All plants of the type were fertile and it was shown subsequently (R. Ingram, personal communication) that their offspring were tetraploid (2n 40) and formed bivalents at meiosis. It seemed feasible that the York plants could be representative of var. hi be rnicus, but the products of an independent origin of this taxon in the York area within recent times. Alternatively, the York plants could represent the offspring of a fertile tetraploid hybrid between S. vulgaris and S. squalidus produced following fusion between a normal gamete of S.
vulgaris and an unreduced gamete of S. squalidus. In this paper we report the results of a morphometric and isozyme comparison of the relevant taxa sampled from York, and also S. vulgaris var. vulgaris, var. hibernicus and S. squalidus sampled from a waste site in Edinburgh. We present evidence that the new radiate 
Senecio from York is different in both morphology and esterase phenotype from standard var. hibernicus, and can be considered as a separate product of interspecific hybridization between S. vulgaris and S. squalidus.
Materials and methods

Morphometric analysis
Seed of the unusual radiate groundsel from York (hereafter referred to as York radiate groundsel) and also S. Seed derived from 10 plants of each taxon from each site was sown on compost contained in 7-cm pots. Pots were fully randomized within a 6 x 10 block on a bench in a glasshouse at the Botanic Gardens, St
Andrews. Seedlings were thinned to one per pot at a height of 2-3 cm and potted on into 11.5 cm pots at a height of 5 cm. Plants were raised under a 16 h photoperiod supplied by 400 W mercury vapour lamps and were harvested individually for measurement on the first full day of anthesis of the apical capitulum.
The character set examined was a reduced form of that measured by Taylor (1984) in a morphometric analysis of members of a polyploid complex of British Seneclo. Of the 38 characters that were studied (Table  1) , half were vegetative, with 16 describing different aspects of the mid-leaf; while the other half were descriptors of the capitulum.
Measurement of characters Cl, C2 and C3 (Table 1 ) was made on fresh material while characters C23-38 were measured on frozen. leaf material. The perimeter of the mid-leaf and its area were measured using a Delta-T area meter (Delta-T Devices, Cambridge) and dissection was estimated as the perimeter divided by the square root of the area, a high ratio indicating a highly divided leaf. Capitulum characters C4-C 11, C15 and C19 were measured or counted directly, while other capitulum characters C 12-Cl 4, C 16-Cl 8 and C20-C22 were measured following placement of material on transparent adhesive tape. A detailed description of the character set is given in Irwin (1990) .
Data were initially analysed for each character, in turn, by means of a nested ANOVA to detect differences between taxa, and sites within taxa. The York radiate groundsel, for the purpose of analyses, was considered to be analogous to var. hibernicus. When assumptions of normality and homogeneity of variance were not met, data were transformed into natural logarithms before analysis. Frequently the site within-taxon term was significant (i.e. for 17 of the 38 characters analysed), and so one-way ANOVAS were subsequently conducted on data from within sites. From these ANOVAS orthogonal contrasts were extracted to test for significant differences between the taxa (i.e. var. Following analysis of variance, the total dataset was subjected to Principal Component Analysis (Manly, 1986 ) using the statistical package CLUSTAN (Wishart, 1987 Ashton (1990) and Irwin (1990) .
Results
Morphometric analysis
Analyses of data from within sites ( Principal component analysis (PCA) was conducted after standardizing the data of each character to zero mean and unit standard deviation. From the correlation matrix (Fig. 1) , it was evident that capitulum characters tended to be correlated with each other (C4-C22) as were many of the mid-leaf size characters (C23-C27, C29-C34). In contrast, there was an absence of correlation between capitulum characters (C4-C22) and several leaf size characters (C23-C29, C32-C33); however leaf characters which reflected leaf shape (C35-C38) were correlated with most capitulum characters examined.
The eigen values of the first two principal components computed from the correlation matrix accounted for 53.5 per cent of the total variance, with the third component accounting for a further 9 per cent ( Table 2 ). Characters that contributed most to the variation of the first principal component (i.e. exhibited the highest eigen-vector loadings) were: plant height (Cl); inflorescence length (C2); longest leaf length (C3); capitulum characters (excluding C8-C9, C13); and the leaf shape characters correlated with capitulum characters (C35-C38). In contrast, characters with high eigen-vector loadings with respect to the second principal component were: longest leaf length (C3); capitulum characters (C8-C9, Cl 2); and mid-leaf characters (C23-C34) other than those correlated with capitulum characters.
A plot of the component values for each plant against the first two principal components (Fig. 2 •auu. Isozyme analysis All taxa surveyed were monomorphic for G-6-PDH, G-3-PD, MDH, ME, PER, PGI and PGM phenotype.
4-.
Polymorphism was exhibited for ACP and AAT phenotype (Table 3) , however the distribution of variation at the two loci of interest, Acp-1 and Aat-3, provided no evidence either for or against the postulated hybrid origin of York radiate groundsel. [A detailed description of phenotype variation at the Acp-1 and Aat-3 loci in S. squalidus and S. vulgaris, including its genetic basis, is given in Ashton & Abbott (1992) and Abbott et al. (1992a) vulgaris plants (from both sites) showed no j3Est-1 expression (Fig. 3 , Table 3 ). Previous detailed analysis of esterase variation in S. vulgaris and S. squalidus (Abbott et a!., 1992) , has established that whereas S. 
Discussion
The results of the morphometric and isozyme surveys of variation given here, provide evidence that the tetraploid radiate groundsel, discovered in York by Abbott & Marshall in 1979 , is markedly different from the typical inland radiate form of S. vulgaris (var. hibernicus) which was first reported in Britain during the early 
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--n = number of individuals scored. /3Est3bb, 3bc and 3cc in this table are equivalent to the phenotypes. Est3a, 3ab and 3bb in Ashton & Abbott(1992) . part of the 19th Century (Abbott, eta!. 1992a 'Brook, 1984) , and some pollen with four pores (J. A. Irwin personal observation) as well as the three-pore pollen type produced by var.
vulgaris, var. hibernicus and S. squalidus. The possession of both of these particular characters by individuals of York radiate groundsel may be taken as yet further evidence of their hybrid status in that S. cambrensis also produces larger seed than either parent species, and mostly four-rather than three-pore pollen (Rosser, 1955; Abbott eta!., 1983) . Although York radiate groundsel can be considered as a product of hybridization between S. vulgaris and S. squalidus, quite different from that of var. hibernicus, we remain uncertain of its pathway of origin. It is feasible that it too is of introgressive origin, having arisen following backcrossing of the triploid hybrid (S. vulgaris x S. squalidus) to S. vulgaris. If this is so, the York variant may be an early product of backcrossing with insufficient generations of recurrent backcrossing having taken place to produce the typical var. hibernicus phenotype. Alternatively, it is possible that York radiate groundsel originated as a fertile tetraploid F1
hybrid following fusion between a normal gamete of S.
vulgaris and an unreduced gamete of S. squalidus. Taylor (1984) has artifically synthesized such a hybrid between S. vulgaris and S. squalidus and subjected the material to detailed morphometric analysis. She showed that such hybrid plants produce a morphological phenotype intermediate to those of S. vulgaris and S. squalidus and, in contrast to the triploid hybrid, are fertile (15 per cent self seed set; and up to 70 per cent seed set when backcrossed to S. vulgaris var. vulgatis). Evidence against the York radiate groundsel being a direct descendent of a tetraploid F1 hybrid comes from the finding that it does not exhibit the expected additive rDNA phenotype of the two parents when its DNA is treated with the restriction enzymes EcoP.J, EcoRV and BamHl (Harris & Ingram, 1992) .
However, some plants of the allopolyploid S. cambrensis have also failed to produce the expected additive rDNA phenotype when their DNA was treated with the same enzymes, indicating that rDNA phenotype may not always reflect the hybrid status of a plant (see also Zimmer eta!., 1988 (Kent, 1964) , it is reasonable to conclude that the York radiate groundsel is a very recent product of hybridization between S. squalidus and S. vulgaris. Currently this new variant appears to be reasonably well established in the city of York. Its early discovery presents the opportunity to determine which factors may have favoured its establishment and spread during the recent past.
